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(54) STIRLING REFRIGERATING MACHINE 

(57) A Stirling refrigerator has an outer yoke assem- 
bly (11) provided as an outer yoke constituting a linear 
motor (16) and has a piston-support-sprihg support 
member (14A) and a disptacer-support-sprtng support 
member (14B) that are supported by the outer yoke as- 
sembly (11) for fixing a piston support spring (5) and a 



displacer support spring (6) respectively. By the above- 
described structure, it is achieved to facilitate handling, 
in assembly of mass production, of a bobbin/coii and an 
outer yoke of an outer yoke body constituting the linear 
motor and reduce the size of the outer shape of a casing. 
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Description 

Technical Field 

[0001] The present invention relates to 8 Stirling re- 
frigerator used for generation of low temperatures and 
more specifically, to a structure of a linear motor for re- 
ciprocating a piston, a structure of piston elastic support 
means supporting the piston and 8 structure of displacer 
elastic support means supporting a displacer. 

Background Art 

[0002] A free-piston Stirling refrigerator for generating 
cotd heat is also catted reverse Stirling refrigerator in 
terms of heat cycle. This Stirling refrigerator has a struc- 
ture as described below with reference to Fig. 12. 
[0003] A conventional Stirling refrigerator 1 00 E has a 
cylinder 3 Including a linearly reciprocating piston 1 and 
a displacer 2. Piston 1 and displacer 2 are coaxial ly 
structured and a rod 2a formed on displacer 2 passes 
through a slide hole 1a provided In a central part in the 
axial direction of piston 1. Piston 1 and displacer 2 are 
provided to be smoothly slidabie along an inner-periph- 
ery slide surface 3a of cylinder 3. 
[0004] At an upper part (on the right side in Fig. 12) 
of rod 2a formed on displacer 2, respective central parts 
of a piston support spring 5 and e displacer support 
spring 6 are fixed. Piston support spring 5 and displacer 
support spring 6 are each in the shape of a spiral disk- 
like panel 

[0005] Piston 1 is elasticity fixed with respect to cas- 
ing 1 5 by piston support spring 5 supported by a support 
member 31 fixed to casing 15. Displacer 2 .is also elas- 
tically fixed with respect to casing 15 by displacer sup- 
port spring 6 supported by support member 31. 
[0006] The internal space formed by cylinder 3 Is di- 
vided into two spaces by piston 1 . A first space Is a work- 
ing space 7 formed at the side of displacer 2 with respect 
to piston 1 . A second space is a back space 8 formed 
at the opposite side of displacer 2 with respect to piston 
1 . These two spaces are filled with such a working me- 
dium as helium gas at high pressure. 
(0007] A linear motor 16 includes an Inner yoke 13 
fixed to cylinder 3, an outer yoke body 9 formed of an 
outer yoke 9b placed with a predetermined gap between 
itself and inner yoke 13 to enclose a bobbin/coil 9a , and 
a permanent magnet 12 attached to piston 1 and placed 
in the gap between inner yoke 13 and outer yoke 9b. 
Outer yoke 9b is fixed to casing 1 5 by a positioning block 
30 supported by support member 31. 
[0008] Piston 1 is axialiy reciprocated at predeter- 
mined cycles by the action of linear motor 16. The re- 
ciprocating motion of piston 1 causes the working me- 
dium to be repeatedly compressed and expanded in 
working space 7. Displacer 2 is linearly reciprocated by 
a change in pressure of the working medium which is 
compressed and expanded in working space 7. Piston 



1 and displacer 2 are configured to reciprocate at the 
same cycles with a phase difference therebetween of 
approximately 90°. 

[0009} Working space 7 is further divided Into two 
s spaces by displacer 2. A first working space is a com- 
pression space 7a located between piston 1 and dis- 
placer 2. A second working space is an expansion space 
7b at the top of cylinder 3, Compression space 7a and 
expansion space 7b are coupled vie a regenerator 4. 
to Regenerator 4 is formed of a mesh-sheped copper 
member for example. 

[0010] The working medium in expansion space 7b 
generates cold heat at a cold head 3c at the top of cyl- 
inders. Reverse Stilling heat cycle such as this principle 

*5 of generation of cotd heat is a well-known art and thus 
description thereof is not provided here. 
[0011] Stirling refrigerator 100E of the above-ols- 
cussed structure, however, has following problems. 
[0012] first, components of coll/bobbin 9a and outer 

20 yoke 9b have low strength and thus these components 
must be handled carefully in assembly of mass produc- 
tion. Second, in the structure as shown in Fig. 12 with 
piston support spring 5 and displacer support spring 6 
fixed to casing 15, support member 31 fixed to casing 

25 15 has to be extended to the positions of piston support 
spring 5 and displacer support spring 6, resulting In in- 
crease in size of the outer shape of casing 15 to make 
it necessary to increase the thickness of a material for 
casing 15 in terms of strength. 

30 

Disclosure of the invention 

[001 3] One object of the present invention is to pro- 
. vide a Stirling refrigerator by which handling In assembly 
35 of mass production of a coil/bobbin and an outer yoke 
of. an outer yoke body constituting a linear motor can be 
facilitated and a casing can be reduced In size of its out- 
er shape. 

[001 4) A Stirling refrigerator according to the present 
40 invention includes a casing, a cylinder provided in the 
casing, a piston provided in the cylinder to be made 
movable In a reciprocating manner In the axial direction 
of the cylinder by a linear motor provided on an outer 
surface of the cylinder, and a displacer provided in the 
45 cylinder to form a compression space between itself and 
the piston in the cylinder and to be movable in a recip- 
rocating manner in the axial direction. The linear motor 
Includes an inner yoke provided on the outer surface of 
the cylinder, an outer yoke assembly provided to the 
so casing to enclose the inner yoke, and a permanent mag- 
net placed In a gap between the inner yoke and the outer 
yoke assembly and coupled to the piston. The outer 
yoke assembly includes a bobbin/coll placed to face the 
inner yoke, an outer yoke provided to cover the bobbin/ 
55 coil from the casing and In the axial direction, and a pair 
of ring-shaped holding members provided to hold the 
outer yoke therebetween In the axial direction. 
[001 5] The pair of ring-shaped holding members can 
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thus be provided to achieve an integral structure hold- 
ing, between the paired holding members, the coil/bob- 
bin and the outer yoke ol the outer yoke body which con- 
stitutes the linear motor. Accordingly, an integral 
strength can be obtained from the outer yoke assembly 
in assembly of the Stirling refrigerator to facilitate han- 
dling of the outer yoke assembly. 
[001 6] Preferably, according to the present invention, 
the Stirling refrigerator further includes piston support 
means for elastically supporting the piston with respect 
to the casing to make the piston movable in a recipro- 
cating manner In the cylinder, and displacer support 
means for elastically supporting the displacer with re- 
spect to the casing to make the displacer movable in a 
reciprocating manner in the cylinder. The piston support 
means Includes a first elastic member coupled to the 
piston and flrst-elastic-member support means for sup- 
porting the first elastic member and fixed to an end in 
the axial direction of the outer yoke assembly. The dis- 
placer support means includes a second elastic mem- 
ber coupled to the displacer and second-elastic-mem- 
ber support means for supporting the second elastic 
member and fixed to the end in the axial direction of the 
outer yoke assembly. 

[0017] This structure can be employed to place the 
first-elastic-member support means and the second- 
elastic-member support means on the upper side of the 
linear motor and thereby reduce the size of the outer 
shape of the casing. Accordingly, in terms of the strength 
of the casing, the thickness of the casing can be reduced 
and thus the weight and cost of the Stirling refrigerator 
can be reduced. 

(0018) As for the conventional structure, the support 
means is constituted of a long member passing along 
the side of the linear motor, resulting in accidental de- 
formation of the long member In assembly of the Stirling 
refrigerator to make it difficult to define the center of axis 
of each component. According to the present invention, 
such a situation can be avoided. 
[001 9] Still preferably, according to the present inven- 
tion, the first elastic member and the second elastic 
member are substantially disk-shaped, and the first 
elastic member has an outer diameter smaller than that 
of the second elastic member and the first-elastic-mem- 
ber support means Is placed at a height lower than that 
of second-elastic-member support means. 
[0020] This structure can be employed to prevent one 
of respective fastening parts at which the first-elastic- 
member support means and the second-elastic-mem- 
ber support means are respectively fastened from influ- 
encing the other fastening part In other words, as these 
components are independently fixed to the elastic mem- 
ber support means, the elastic members never come 
apart and thus the Stirling refrigerator can be improved 
in its reliability. 

[0021 J Still preferably, according to the present inven- 
tion, the flrst-elastiomember support means and the 
second-elastic-member support means are provided at 
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8 ring-shaped base plate. Still more preferably, accord- 
ing to the present invention, the first-elastic-member 
support means and the second-elastic-member support 
means are post-shaped. This structure can be em- 
s ployed to improve the working efficiency in attachment 
of the first elastic member and the second elastic mem- 
ber each. 

[0022] Still preferably, according to the present inven- 
tion, one holding member of the paired holding mem- 
10 bers is provided integrally with the ring-shaped base 
plate. This structure can be employed to reduce the 
number of components. 

Brief Description of the Drawings 

[0023] 

Fig. 1 is a cross-sectional view showing an entire 
structure of a Stirling refrigerator 100A according to 

*o a first embodiment. 

Figs. 2A and 2B are first drawings showing a struc- 
ture of an outer yoke body 9. 
Figs. 3A and 3B are second drawings showing the 
structure of outer yoke body 9. 

25 Figs. 4 A and 4B show a structure of an outer yoke 
assembly 11 and assembling thereof. 
Figs. 5A and 5B show a structure of a piston-sup- 
port-spring support member 14A. 
Fig. 6 is a cross-sectional view showing an entire 

30 structure of a Stirling refrigerator 1 00B according to 
a second embodiment. 

Figs. 7A and 7B show a structure of a piston-sup- 
port-spring support member 14C. 
Fig. 8 is a cross-sectional view showing an entire 
*s structure of a Stirling refrigerator 1 00C according to 
a third embodiment 

Figs, 9A and 9B show a structure of a piston-sup- 
port-spring support member 14D. 
Rg. 10 is a cross-sectional view showing an entire 
*o structure of a Stirling refrigerator 1 00D according to 
a fourth embodiment. 

Figs. 11 A and 1 1 B show a structure of a piston-sup- 
port-spring support member 14E. 
Fig. 12 is a cross-sectional view schematically 
« showing a structure of a Stirling refrigerator accord- 
ing to a conventional art. 

Best Modes for Carrying Out the Invention 

50 [0024] A structure of a Stirling refrigerator according 
to each embodiment of the present Invention is herein- 
after described with reference to the drawings. It Is noted 
that any component which is the same as or correspond- 
ing to the component of the conventional art described 

55 in connection with Fig. 1 2 is denoted by the same refer- 
ence numeral and description thereof is not repeated 
here. 



3 



5 



EP 1 347 252 A1 



6 



(First Embodiment) 

[0025J Referring to Figs. 1-5B, a structure of a Stirling 
refrigerator 100A according to a first embodiment is de- 
scribed. Fig. 1 is a cross-sectional view showing the en- 5 
tire structure of Stirling refrigerator 100A, Figs. 2A-4B 
show a structure of an outer yoke assembty 11 and as- 
sembling thereof, and Figs. SA and SB show a structure 
of a piston-support-spring support member 14A, 

(Structure of Stirling Refrigerator 100A) 

[0026) Referring to Fig. 1, Stirling refrigerator 100A 
has a basic structure which is the same as that of Stirling 
refrigerator 100E described in connection with Fig. 12, 
and a characteristic structure of Stirling refrigerator 
100A in this embodiment is that an outer yoke assembly 
11 is provided as an outer yoke constituting a linear mo- 
tor 16 and that, for fixing a piston support spring 5 and 
a dlsplacer support spring 6 as a first elastic member 
and a second elastic member respectively, a piston-sup- 
port-spring support member 14A and a displacer-sup- 
port-spring support member 14B supported by outer 
yoke assembly 11 are employed respectively as first- 
elastic-member support means and second-elastic- 
member support means. 

(Structure of Outer Yoke Assembly 11) 

[0027] A structure of outer yoke assembly 11 is de- 
scribed with reference to Figs. 2A-4B. Referring to Figs. 
2A, 2B, 3A and 3B, an outer yoke body 9 has a bobbin/ 
coil 9a in the shape of a ring with a copper wire wound 
around a bobbin, and an outer yoke 9b divided into a 
plurality of sections each formed of stacked steel plates 
for the yoke, outer yoke 9b being fixed to the outer sur- 
face of bobbin/coil 9a with an adhesive. 
[0028] Figs. 2A and 2B show a state before outer yoke 
9b is fit on the outer surface of ring-shaped bobbin/coil 
9a, Fig. 2A showing a structure in plan view and Fig. 2B 
showing a cross-sectional structure along the plane in- 
dicated by arrows IIB-liB in Fig. 2A. Figs. 3A and 36 
show a state in which outer yoke 9b is fit on the outer 
surface of ring-shaped bobbin/coll 9a, Fig. 3A showing 
a structure in plan view and Fig. 3B showing a cross- 
sectional structure along the plane indicated by arrows 
II1B-IUB in Fig. 3 A. On the upper surface and the lower 
surface of outer yoke 9b respectively, protrusions 90 are 
provided for defining positions at which an upper holding 
plate 10a and a lower holding plate 10b described here- 
inbelow are to be attached. 

[0029) Referring to Figs. 4A and 48, on the upper side 
and the lower side of outer yoke body 9, upper holding 
plate 10a and lower holding plate 10b in the shape of a 
ring made of a resin material having a relatively high 
stiffness are attached to hold outer yoke body 9 there- 
between in the axial direction, and thus outer yoke as- 
sembly 11 Is completed. Upper holding plate 10a and 



lower holding plate 1 0b have respective depressions 91 
in which protrusions 90 provided to outer yoke 9b are tit 
respectively Fig. 4A shows a cross-sectional structure 
before upper holding plate 10a and lower holding plate 
10b are attached to outer yoke body 9, and Fig. 4B 
shows a cross-sectional structure in the state in which 
upper holding plate 10a and lower holding plate 10b are 
attached to outer yoke body 9. 

(0030) Referring again to Fig. 1 , outer yoke assembly 
11 structured as described above is fixed with respect 
to cylinder 3 by using bolts (not shown) in such a manner 
that the center of the axis of cylinder 3 and that of outer 
yoke assembly 11 match each other. In order to allow 
the axis center of cylinder 3 and that of outer yoke as- 
sembly 11 to match each other, a jig (not shown) is used. 

(Structure of Piston-Support-Spring Support Member 
14A and Dlsplacer-Support-Spring Support Member 
14B) 

(0031) Referring to Figs. 5A and SB, a structure of pis- 
ton-support-spring support member 14A is described. 
Fig. 5A shows a structure in plan view and Fig. 5B shows 
a cross-sectional structure along the plane indicated by 
arrows VB-VB In Fig. 5A. Piston-support-spring support 
member 14A Is made of a brass or resin material for 
example and includes a base portion 140 formed of a 
ring-shaped base plate end a support portion 141 sup- 
porting piston support spring 5. Support portion 141 has 
a plurality of screw holes B1 for fastening piston support 
spring 5 and dispiacer-support-spring support member 
14B described hereinbetow. 

[0032] As shown in Fig. 1, dispiacer-support-spring 
support member 14B Is in the shape of a ring having a 
uniform thickness and made of a brass or resin material 
for example similarly to piston-support-spring support 
member 14 A. 

[0033J Piston-support-spring support member 14A is 
fixed with respect to upper holding plate 10a of outer 
yoke assembly 1 1 with bolts (not shown). For positioning 
of pis ton- support-spring support member 14A with re- 
spect to upper holding plate 10a, a jig (not shown) is 
used. Dispiacer-support-spring support member 14B is 
also fixed with respect to piston-support-spring support 
member 14A with bolts. 

(Function and Effect) 

(0034) The Stirling refrigerator according to this em- 
bodiment employs an Integral structure of outer yoke as- 
sembly 11 constituting linear motor 16 and having coil/ 
bobbin 9a and outer yoke 9b that are held between up- 
per holding plate 1 0a and lower holding plate 10b to ob- 
tain an Integral strength from outer yoke assembly 11 
and facilitate handling of outer yoke assembly 11. 
[0035] In attachment of outer yoke assembly 1 1 to cyl- 
inder 3, outer yoke assembly 11 is surely positioned with 
respect to cylinder 3 to make it possible to stmultane- 
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ously position coil/bobbin 9a, outer yoke 9b, piston- sup- 
port-spring support member 14A and displacer- support- 
spring support member 14B with respect to cylinder 3 
and accordingly shorten the cycle time for manufactur- 
ing the Stirling refrigerator. 

[0036J Piston-support-spring support member 14 A 
and dlsplecer-support-spring support member 14B are 
placed at the upper part corresponding to an end in the 
axial direction of linear motor 16 and thus the size of the 
outer shape of casing 15 can be reduced. Accordingly, 
casing 15 can be reduced in thickness in terms of the 
strength of casing 15 and thus the Stirling refrigerator 
can be reduced In weight as well as cost. 
[0037] In addition, while the support member of the 
conventional structure is constituted of a long member 
passing along the side of linear motor 16, resulting In 
accidental deformation of the long member in assembly 
of the Stirling refrigerator to make it difficult to define the 
center of the axis of each component, such a situation 
can be avoided here. 

(Second Embodiment) 

[0038J Referring to Figs. 6, 7A and 7B, a structure of 
a Stirling refrigerator 100B according to a second em- 
bodiment Is descried. Fig. 6 is a cross-sectional view 
showing the entire structure of Stirling refrigerator 100B, 
and Figs. 7A and 7B show a structure of a support- 
spring support member 14C. 

(Structure of Stirling Refrigerator 100B) 

[0039) As compared with the structure of Stirling re- 
frigerator 100A in the first embodiment discussed 
above. Stirling refrigerator 100Bof the second embod- 
iment includes a support-spring support member 14C 
Instead of piston-support-spring support member 14A 
and dlsplecer-support-spring support member 14B. An 
outer yoke assembly 11 In this embodiment has the 
same structure as that of the Stirling refrigerator 100A 
In the first embodiment. 

(Structure of Support-Spring Support Member 14C) 

[0040] According to this embodiment, a piston sup- 
port spring 5 and a displacer support spring 6 have dif- 
ferent outer shapes respectively, and support-spring 
support member 14C supports both of piston support 
spring 5 and displacer support spring 6. Referring to 
Figs. 7A and 7B, support-spring support member 14C 
has a structure as described below. Fig. 7A shows a 
structure In plan view and Rg. 7B shows a cross-sec- 
tional structure along the plane indicated by arrows VI- 
IB-VIIB In Fig. 7A. Support-spring support member 14C 
has a base portion 140 formed of a ring-shaped base 
plate, as well as a support portion 141 supporting piston 
support spring 5 and a support portion 142 supporting! 
displacer support spring 6 having respective outer 



shapes different from each other and being attached at 
different heights respectively. Support-spring support 
member 14C is made of a brass or resin member for 
example. Further, support portions 141 8nd 142 have a 
5 plurality of screw holes B1 for fixing piston support 
spring 5 and displacer support spring 6. 

(Function and Effect) 

[0041] The Stirling refrigerator of the second embod- 
iment also achieves the function and effect similar to 
those of the first embodiment as discussed above. 
Moreover, piston support spring 5 and displacer support 
spring 6 are formed differently in outer shape and are 
fixed at different positions and accordingly, it never oc- 
curs that one of the fastening parts at which piston sup- 
port spring 5 and displacer support spring 6 are respec- 
tively fastened Influences the other fastening part. 



[0042] Referring to Figs. 6, 9A and 9B, a Stirling re- 
frigerator 100C of a third embodiment has a structure 
as described below. Fig. 8 Is a cross-sectional view 
25 showing the entire structure of Stirling refrigerator 1 00C 
and Figs. 9A and 98 show a structure of a support- 
spring support member 14D. 



[0043] As compared with the structure of Stirling re- 
frigerator 100B of the second embodiment discussed 
above, support-spring support member 140 of Stirling 
refrigerator 100C of the third embodiment has post- 
35 shaped support portions for supporting a piston support 
spring 5 and a displacer support spring 6. An outer yoke 
assembly 11 here has the same structure as that of Stir- 
ling refrigerator 100A of the first embodiment. 

40 (Structure of Support-Spring Support Member 140) 

[0044] Referring to Figs. 9A and 9 B, support-spring 
support member 140 has a structure as described be- 
low. Fig. 9A shows a structure in plan view and Fig. 96 

45 shows a cross-sectional structure along the plane indi- 
cated by arrows IXB-IXB in Fig. 9A. According to the 
third embodiment, as compared with support-spring 
support member 14C of the above-discussed second 
embodiment, support portions 141 and 142 for piston 

50 support spring 5 and displacer support spring 6 ere pro- 
vided at post-shaped portions 1 43 and post-shaped por- 
tions 143 are provided at four places at 90°-pitches. it 
is noted that the number and placement of post-shaped 
portions 143 are not limited to those of the third embod- 

55 iment and are appropriately selected in terms of design 
on the condition that piston support spring 5 and dis- 
placer support spring 6 can be supported in a 6table 
state. 
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(Function and Effect) 

[0045] The Stirling refrigerator according to the third 
embodiment also achieves the function and effect sim- 
ilar to those of the first and second embodiments dis- 
cussed above. Moreover, as support portions 141 and 
142 are provided at post-shaped portions 143, working 
efficiency in attachment of piston support spring 5 and 
dlspiacer support spring 6 can ba improved Further, the 
Stirling refrigerator can be reduced in weight. 

(Fourth Embodiment) 

10046] Referring to Figs. 10, 11A and 11B, a Stirling 
refrigerator 1 GOD of a fourth embodiment has a structure 
as described below. Fig. 10 is a cross-sectional view 
showing the entire structure of Stirling refrigerator 100D 
and Fig. 11 shows a structure of a support-spring sup- 
port member 14E, 

(Structure of Stirling Refrigerator 100D) 

[0047] As compared with the structure of Stirling re- 
frigerator 100C of the third embodiment discussed 
above, Stirling refrigerator 100O of the fourth embodi- 
ment similarly has post-shaped support portions for sup- 
porting a piston support spring 5 and a dlspiacer support 
spring 6, while an upper holding plate 10a constituting 
an outer yoke assembly 11 Is formed at a base 140 
formed of a ring-shaped base plate. 

(Structure of Support-Spring Support Member T4E) 

[0048] Referring to Figs. 1 1 A and 1 1 B> support-spring 
support member 14E has a structure as described be- 
low. Fig. 11A shows a structure in plan view and Fig. 
11 B shows a cross- sectional structure along the plane 
indicated by arrows X1B-XIB In Fig. 11A. According to 
the fourth embodiment, as compared with support- 
spring support member 14D of the above-discussed 
third embodiment, a base 140 further serves as upper 
holding plate 10a constituting outer yoke assembly 11 
by forming a depression 91 in which a protrusion 90 pro- 
vided to an outer yoke 9b Is fit, integrally with base 140. 

(Function end Effect) 

[0049] The Stirling refrigerator of the fourth embodi- 
ment also achieves the function and effect similar to 
those of the first to third embodiments discussed above. 
Moreover, by employing the Integral structure in which 
upper holding plate 10a is integrally formed with sup- 
port-spring support member 14E. the number of com- 
ponents can be reduced. 

(0050) The embodiments disclosed above should be 
taken by way of Illustration and example and not by way 
of limitation In terms of every respect. The scope of the 
present Invention is defined not in the description above 



but in the appended claims and it is intended that the 
same includes all of modifications and variations equiv- 
alent in the meaning and within the scope of the Inven- 
tion. 

5 

Industrial Applicability 

[0051] The Stirling refrigerator according to the 
present invention has a pair of ring-shaped holding 
10 members to achieve an integral structure having the 
coil/bobbin and the outer yoke of the outer yoke body 
constituting a linear motor that are held between the 
holding members. Accordingly, in assembly of the Stir- 
ling refrigerator, the integral strength can be obtained 
from the outer yoke assembly to facilitate handling of 
the outer yoke assembly. 

[0052] Moreover, the first-elastic-member support 
means and the second-elastic-member support means 
can be placed at en upper part of the linear motor to 
reduce the size of the outer shape of the casing, in terms 
of the strength of the casing, the thickness of the casing 
can thus be reduced and the Stirling refrigerator can be 
reduced in weight and cost. 



Claims 

1 . A Stirling refrigerator comprising: 
a casing (15); 

a cylinder (3) provided in said casing (15); 
a piston (1) provided in said cylinder (3) to be 
made movable in a reciprocating manner in the 
axial direction of said cylinder (3) by a linear 
motor (16) provided on an outer surface of said 
cylinder (3); and 

a dlspiacer (2) provided in said cylinder (3) to 
form a compression space between itself and 
said piston (1) in said cylinder (3) and to be 
movable in a reciprocating manner In the axial 
direction, 

said linear motor (16) including 
an Inner yoke (13) provided on the outer sur- 
face of said cylinder (3). 
an outer yoke assembly (9) provided to said 
casing (1 5) to enclose said inner yoke ( 1 3). and 
a permanent magnet (12) placed in a gap be- 
tween said inner yoke (13) and said outer yoke 
assembly (9) and coupled to said piston (1), 
and 

said outer yoke assembly (9) including 

a bobbin/coll (9a) placed to face said inner yoke 

(13). 

an outer yoke (9b) provided to cover said bob- 
bin/coil (9a) from said casing and in the axial 
direction, and 

a pair of ring-shaped holding members (10a 
10b provided to hold said outer yoke (9b) ther- 
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ebetween in the axial direction. 

2. The Stirling refrigerator according to claim 1 , further 
comprising: 

piston support means (5, 14A) for elasticity 
supporting said piston (1) with respect to said 
casing (15) to make said piston (1) movable in 
a reciprocating manner in said cylinder (3); and 
displecer support means (6, 14B) for elastically 
supporting said displacer (2) with respect to 
said casing ( 1 5) to make said displacer (2) mov- 
able in a reciprocating manner in said cylinder 
(3), wherein 

said piston support means (5, 14A) includes 

a first elastic member (5) coupled to said piston 
0), and 

flrst-elastJc-member support means (14A) for 
supporting said first elastic member (5) and 
fixed to an end In the axial direction of said outer 
yoke assembly (9), and 

said displacer support means (6, 14B) includes 

a second elastic member (6) coupled to said 
displacer (2), and 

second-elastic-member support means (14B) 
for supporting said second elastic member (6) 
and fixed to the end in the axial direction of said 
outer yoke assembly (9). 

3. The Stirling refrigerator according to claim 2, where- 
in 

said first elastic member (5) and said second elastic 
member (6) are substantially disk-shaped, and 
said first elastic member (5) has an outer diameter 
smaller than that of said second elastic member (6) 
and said first-elastic-member support means (14A) 
Is placed at a height lower than that of said second- 
elastic-member support means (14B). 

4. The Stirling refrigerator according to claim 3, where- 
in 

said ftrst-elastic-member support means (14A) and 
said second-elastfc-member support means (14B) 
are provided at a ring-shaped base plate (140). 

5. The Stirling refrigeratoraccordingtoclaim4, where- 
in 

said first-elastic-member support means ( 14A) and 
said second-elastic-member support means (14B) 
are post-shaped. 

6. The Stirling refrigerator according to claim 4, where- 
in 

one holding member (10a) of said paired holding 



members (10a, 10b) is provided integrally with said 
ring-shaped base plate (140). 
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